The static thermophysical properties of the molten salt system like LiF-NaF-BeF 2 influence the design and construction of the fuel salt and coolant in the Molten Salt Reactor for the new generation. In this paper, the equation of state of the ternary system 0.15LiF-0.58NaF-0.27BeF 2 , over the temperature range from 873.15K to 1073.15K at one atmosphere pressure, is described by using modified Peng-Robinson equation. The density of the ternary system is evaluated by this equation directly, and compared with the experimental data. Base on the equation of state, the other static thermophysical properties such as the enthalpy, entropy and heat capacity at constant pressure are evaluated by the fugacity coefficient and residual function methods respectively. The density calculated by Peng-Robinson equation is in highly agreement with the experimental data, and the enthalpy, entropy and heat capacity evaluated by such two different methods are consistent with each other. It could be concluded that the modified Peng-Robinson equation could be applicable to estimate the density of the molten salt system, and the Peng-Robinson equation is recommended to be as the fundamental to evaluate the enthalpy, entropy and heat capacity of the molten salt system.
Introduction
The Molten Salt Reactor (MSR) is one of the six candidates identified by the Generation Ⅳ International Forum (GIF) [1] . In the European Union, the reduction of long live wastes and transmutation of the minor actinides (MAs) are been trying under the project of the Molten Salt Reactor Technology (MOST). In Russia, the Molten Salt Advanced Reactor Transmuter (MOSART) has been developed for burning Pu and MAs [2] .
In addition, the SIMMER code [3] , which is originally developed for fast reactor safety analysis by JNC-FZK-CEA, is being extended for the kinetics and thermo-hydraulics analysis of the MSR [4] .
The schematic diagram of the MSR system is shown in Fig. 1 [1] . The ternary system of LiF-NaF-BeF 2 functioning as the reactor fuel solvent, coolant and also moderator has fissile, fertile, and fission products in the primary loop which works around 873.15K at the inlet and goes out the core at about 1073.15K. The high temperature fuel salt transfers nuclear heat to the secondary salt NaBF 4 -NaF of the primary heat exchanger. Then the secondary salt transfers the heat to helium for the electricity generation or hydrogen production.
Fig.1 Schematic diagram of the Molten Salt Reactor system
Molten fluoride salt is suggested as the fuel solvent for the MSR mainly owing to its high uranium solubility and low vapor pressure. For the modern MSR, a ternary of LiF-NaF-BeF 2 system with the mole ratio 0.15: 0.58: 0.27, is proposed by Ignatiev [2, 5] from the viewpoint of the nuclear physics, neutron radiation and the chemical properties.
Although, binary systems such as LiF-NaF, LiF-BeF 2 , and NaF-BeF 2 , were also proposed [6, 7, 8] and researched sufficiently. However, the static thermophysical properties of the ternary system 0.15LiF-0.58NaF-0.27BeF 2 functioning as the coolant and also the components of the fuel salt of the MSR are not necessarily known. Therefore, it is inevitable to derive their static thermophysical properties theoretically and experimentally. And thus we try to derive the equation of state and evaluate the density of the ternary system 0.15LiF-0.58NaF-0.27BeF 2 by the Peng-Robinson equation which has been modified in this paper, over the temperature range from 873.15K to 1073.15K at the pressure level of one atmosphere. Based on this modified equation, the other static thermophysical properties such as the enthalpy, entropy and heat capacity at constant pressure are estimated both by the fugacity coefficient and residual function methods over the temperature range and certain pressure.
The thermodynamic equations expressing state (p-v-T) for gases and liquids [9, 10] 
Density of the molten salt
For a pure substance, the PR equation is written as following:
Where, d and b are constants and given by 2 2 [0.
If define the compression factor as
the Eq. (1) can be expressed using the compression factor Z as following:
Eq. (5) could be solved for Z by the Newton iteration method, and then, by using the value of Z the molar volume v is obtained from Eq. (4)
And the density of the pure substance can be expressed as
The parameters d and b are related to the critical parameters T c , P c and for constant d, it is involved with the eccentric factor ω . The critical values of LiF and NaF could be referred [11] , except their eccentric factors. And for BeF 2 , there are not references for its critical parameters and eccentric factor either. Another problem is that, in the temperature range from 873.15K to 1073.15K, pure LiF and NaF are still crystals, not liquids. In order to resolve the two problems mentioned above, we adopt two series of (p-v-T) data from Cantor [12] to calculate the constants d and b of the components of the ternary system. Table 1 shows the pseudo parameters of molar volumes of the three components at one atmosphere pressure. It is assumed that the PR equation is still valid for a mixture system when the constant d and b are described properly. They are expressed by equations 
Where, k ij is the binary interaction factor which is a controllable parameter. And the binary interaction factors among the components LiF, NaF and BeF 2 for the ternary system are also assumed to be zero. The molar volume v m for the ternary system is calculated similarly. The density of the ternary system is calculated by the Eq. (7) from its molar mass obtained from that of each component using the following equation 
Integrating Eq. (11) at a constant temperature from the ideal state to real state yields * ln ln 
Where, n represents the molar number of the components. Substituting Eq. (8) into Eq. (13) and integrating it, the i φ can be expressed as
The relations between the fugacity coefficient and partial molar enthalpy, entropy and heat capacity can be derived as the following equations
Where h 
The residual function method
The residual function of thermophysical properties expressing their difference between the real state and the ideal one assumed is used to calculate the enthalpy, entropy and heat capacity of the ternary system. And the residual function is expressed as [13] * , ,
where, M r represents the residual functions of the thermophysical properties such as enthalpy h, entropy s and heat capacity at constant pressure C P . M * p,t represents the properties of the ideal state over the employed pressure and temperature, in which the interaction effects between the components of the ternary system are neglected. And M p,t is the real thermophysical property.
The Helmholtz free energy is defined in Eq. (22),
and it is given at a constant temperature as
To include the residual function of the ternary system, Eq. (23) is integrated by molar volumes corresponding to each state, i.e. ideal and real states.
Substituting Eq. (8) 
The residual function of entropy can be derived based on Eq. (25), ( )
And the residual functions of enthalpy and heat capacity of the ternary system can be derived base on Eq. (25), (26) 
Results and discussion
The constants d and b of the PR equation for the ternary system and its components are calculated and shown in table 3. 
Evaluations of density of the ternary system
The density calculated by Eqs. (7), (8) and (10) for the ternary system is shown in Fig.2 .
The values calculated by us are expressed by the solid line, the experimental data cited in Ref. (14) by the solid dots. The density of the ternary system is decreasing with temperature rising from 873.15K to 1073.15K at one atmosphere pressure. Figure 2 shows that the calculated values are in highly agreement with the experimental values, although they are a little smaller. It could be concluded that the PR equation modified by us is also useful for evaluating the density of the ternary system 0.15LiF-0.58NaF-0.27BeF 2 . In Fig. 3 , the enthalpies calculated by the two methods are all increasing with the increase of the temperature from 873.15K to 1073.15K. They are very consistent, although the values calculated by the fugacity coefficient method are little lower than that calculated by the residual function method. The case of the entropy shows the similar behavior with that of the enthalpy as shown in Fig. 4 , however the values calculated by the residual function method are lower than that calculated by the fugacity coefficient method. The heat capacities of the ternary system calculated by the two methods are also shown in Fig. 5 . It can be found that both the values of the heat capacity calculated by the two methods nearly remain constant with temperature rising. The values calculated by the fugacity coefficient method are lower than that calculated by the residual function method, because the heat capacity is derived from the enthalpy of which the behavior is same.
Evaluations of enthalpy, entropy and heat capacity of the ternary system

Conclusions
The static thermophysical properties of the ternary system 0.15LiF-0.58NaF-0.27BeF 2 over the temperature range from 873.15K to 1073.15K at one atmosphere pressure are evaluated based on the modifying Peng-Robinson equation. The density is calculated directly, while the enthalpy, entropy and heat capacity are calculated by the fugacity coefficient and residual function methods. The values of the density calculated are compared with the experimental data, and the other static thermophysical properties such as the enthalpy, entropy and heat capacity by the two methods are compared with each other. Main results are summarized as follows,
(1) The calculated density of the ternary system is in agreement with the experimental data. And its values decrease with the rising temperature.
(2) The enthalpy and entropy of the ternary system calculated by the residual function and fugacity coefficient methods both increase with the increasing temperature, and their behaviors are consistent with each other. The heat capacity at constant pressure calculated by the two methods is also consistent, and is nearly constant over the temperature range from 873.15K to 1073.15K.
It is concluded that the modified Peng-Robinson equation could be applicable to evaluate the density of the ternary system 0.15LiF-0.58NaF-0.27BeF 2 used in the modern Molten Salt Reactor over the applied temperature range and pressure, and the Peng-Robinson is recommended to be as the fundamental to estimate the enthalpy, entropy and heat capacity of this ternary molten salt system.
